INTRODUCTION
Barley (Hordeum vulgare L.) is widely utilized as a food and feed, but its most economically important use is connected to malting and brewing (Eagles et al. 1995) . Assessment of malt barley quality begins shortly after harvest and can involve a number of subsequent verifications depending on its direct delivery from the field to a malt house. The initial assessment will determine the suitability of a sample for malting. Analyses cover a range of physical, biochemical and metabolic characteristics (Izydorczyk and Edney 2016). From the different quality parameters reported in the literature, hot-water extract, kernel size fractions, kernel weight, β-glucan and protein contents, malting losses, friability, α-amylase activity, viscosity, and soluble nitrogen ratio are common assays used to test the quality of barley mutants (Fox et al. 2003) . A very important assessment in determining the suitability of a sample for malting is to verify the variety and varietal purity of a barley sample. Each variety differs in its malting potential, processing characteristics and malting quality. Maltsters require specific varieties to meet the customer`s malt specification. Varietal purity is an important assessment as varietal mixtures generally process poorly with each variety requiring specific processing conditions to realize the variety`s fill potential and its ability to produce the best-quality malt possible without excessive malt losses. In the past the variety purity has been assessed by visual inspection but the proliferation of malting varieties has reduced the effectiveness of a visual inspection (Izydorczyk and Edney 2016; Shewry et al. 1980) . It is highly important to have methods that can accurately and rapidly identify barley cultivars for the different end-use requirements. These methods are also needed for germplasm screening and genotype identification in barley breeding programs Although electrophoresis is very successful in varietal identification, it is only one of many other procedures, the results of which must be considered in combination with electrophoretic patterns (Shewry et al. 1985) . Hordeins are the major storage proteins of barley endosperm. They are extremely heterogeneous in composition of different barley cultivars, allowing a precise differentiation of genotypes by their protein electrophoretic patterns (Wrigley et al. 1982) . Since hordein composition is normally not affected by environmental factors (e.g. growing location, soil types, fertilization level, etc.), hordein electrophoretic composition could be used as a reliable genetic character for cultivar identification (Yan et al. 2003) . In barley the grain hordein fraction comprises 40-50 % of the total grain protein. This component is soluble in aqueous alcohol and comprises 4 fractions designated as D, C, B, and A. The diversity in the hordein family has made the analysis of these fractions very useful in varietal identification. Such diversity may be explained through differences within the B and C hordeins that occur between varieties, as well as grain protein levels and environments (Fox et al. 2003; Perovic et al. 1998 ). The aim of this study was to identify barely varieties by using Matrix Assisted Laser Desoption/Ionization Time-Of-Flight Mass Spectrometry (MALDI TOF MS).
MATERIAL AND METHODS

Barley sampling
Eight barley varieties, specifically: Kangoo, Laudis, Malz, Marthe, Odyssey, Overture, Sebastian and Wintmalt were investigated in this experiment. One grain from all varieties was milled and weighted. Seventy mg of milled barley flours were used for protein extraction.
Barley is a widely used foodstuff and it is the most important component in malting and brewing. Purity of barley grains in malting and brewing is important in relation to technological processing. Therefore, an effective analysis of barley purity has high priority. The aim of this study was the discrimination of barley varieties using Matrix Assisted Laser Desorption/Ionization Time-of-flight Mass Spectrometry (MALDI-TOF MS). Eight barley varieties, Kangoo, Laudis, Malz, Marthe, Odyssey, Overture, Sebastian and Wintmalt were investigated. Several protein extraction methods, barley samples preparation for MALDI-TOF MS, reproducibility, influence of time on the hordein quality spectrum and groups of hordeins mass spectrum suitable for barley discrimination were tested. The results showed that removal of albumins and globulins does not affect the resulting hordein spectrum, but time decreases the hordein spectrum intensity. Preparation of barley samples has the highest priority. The most important factor is the selection of the right matrix and its use. B hordeins should be used for the discrimination of Barley varieties. Local Barley database based on B hordeins can be created but the protein spectra must be obtained with the highest purity and the highest reproducibility. The right set up of MALDI Biotyper software can lead to local Barley database establishment. Also, Barley's B hordeins were used for the creation of a relatedness dendrogram. These obtained results showed that MALDI-TOF MS is a very usefull and powefull method for Barley varieties discrimination with a high reproducibility.
ARTICLE INFO
Barley protein extraction
Hordeins were extracted using a direct method (extraction from flour directly) and a second method following the removal of albumins and globulins with 5% NaCl. Sixty % ethanol containing 2 % DTT (dithiothreitol) was used to obtain the hordein fraction. Eight replicates of all barley varieties were prepared. Five hundred µl of extraction solution were added to all samples. The samples were vortexed in Eppendorf tubes for 1 min. After vortexing, centrifugation at 12 000 x g for 10 min was performed.
MALDI TOF MS barley sample preparation
One microliter of hordein extracts in extraction solution were transfered into the MALDI 96 plate (Bruker Daltonics, Germany) with eight replicates for all varieties of barley. Overlaying by matrix was done in two ways. The first extracts were evaporated at room temperature and second extracts were mixed with matrix in liquid phase. Two MALDI matrices were used in this experiment. One µl of HCCA (α-cyano-4-hydroxycinnamic acid) for protein spectra ranging from 4 to 25 kDa and 1 µl of SA (sinapinic acid) for protein spectra ranging from 29 to 50 kDa were used. All matrices were prepared by the same procedure (10 mg/ml particular acid dissolved in acetonitrile/0.1% trifluoracetic acid, 3:2, v/v). Finally, plate with samples and matrix was dried at room temperature. In addition, the same plate with samples was measured by MALDI-TOF MS two times, firstly immediately following protein isolation and secondly after two weeks.
MALDI TOF MS protocol for barley protein analysis
Barley protein (hordein) analysis was processed with Microflex LT MALDI-TOF Mass Spectrometer (Bruker Daltonics, Germany) using flexControl 3.0 software (Bruker Daltonics, Germany) operating in positive linear ion mode between m/z 29 and 50kDa. Microflex LT was set using flexControl software in following parameters: ion source 1: 20kV, ion source 2: 16.7kV, lens: 6kV, pulsed ion extraction 500ns, detection gain: 3x, electronic gain: regular, mode: low range, mass range selection: low range, laser frequency: 60 Hz, digitizer trigger level: 2.500 mV, laser attenuator: 24%, laser attenuator: 30%, laser range: 70-90%. Spectra were measured randomly by 500 laser shots. All of the series of measurement were procceded by calibration with a Protein 2 callibration standard (Bruker Daltonics, Germany) as positive control and pure matrix solution was used as negative control. Obtained spectra were analyzed using flexAnalysis, version 3.4 (Bruker Daltonics, Germany) and MALDI Biotyper, version 3.0 (Bruker Daltonics, Germany).
Quality control for barley varieties identification
Eight pure barley varieties (Kangoo, Laudis, Malz, Marthe, Odyssey, Overture, Sebastian and Wintmalt) were used to assess the accuracy and level for the MALDI-TOF MS identification using our extraction procedure. Also positive and negative controls were used for the MALDI-TOF MS identification.
Establishment of a local Barley proteins database
Eight barley proteins extract were used to establish a preliminary local spectrum database. Twenty specific spectra for each of the 8 barley protein extracts were analyzed using the flexAnalysis software, paying special attention to the intrusive pekas and the reproducibility of spectra. Then, accurate spectra were downloaded into MALDI Biotyper 3.0 and used to create a single mean spectrum for each Barley varieties using the Bio-typer MSP creation method with modofication of spectrum range. For the clustering of the Barley varieties in the created database, a mean spectra projection (MSP) dendrogram was constructed with MALDI Biotyper 3.0.
Reproducibility
Thirty-two random selected barley grain extracts were used blindly to verify the reproducibility of the protein spectrum profile and MALDI-TOF MS identification. The barley grain extracts were processed in eight replicates using the same procedure as earlier described. The obtained spectra were analyzed and compared with our own local created Barley varieties database.
RESULTS AND DISCISSION
Protein extraction
For the hordein fraction with regard to the barley variety discrimination, MALDI-TOF MS was selected. Hordeins are well soluble in aqueous alcohols and buffers containing urea or DTT. Therefore, barley hordeins were extracted by 60% ethanol containing 2% DTT. Dithriothreitol (DTT) is a reducing agent, which reduces disulfide bonds both within and between polypeptide chains, improving extraction efficiency of hordeins. Therefore, all obtained spectra showed high quality and reproducibility of signal with visible differentation between hordein fractions. Pre-extraction of hordeins was done by two ways. The first from milled grains directly and second following albumin and globulin removal with 5% NaCl. It is generally known that pre-extraction methods reduce the complexity of the obtained protein extract. Based on this fact we expected that removing albumins and globulins could lead to improve the barley protein spectra. However, our results showed that pre-extraction method using 5% NaCl to remove albumins and globulins does not have any effect on the improvement of barley protein spectrum. Therefore, the mentioned pre-extraction method is not necessary for its subsequent use for MALDI-TOF MS barley protein observation. These results are shown in Fig 1.   Figure 1 Similarity of hordein spectra from Overture variety obtained using MALDI-TOF MS: (A) pre-extraction method using 5% NaCl which removed albumins and globulins and (B) hordein extraction without NaCl directly from barley flour.
MALDI-TOF MS hordein detection
The issue about whether the matrix should be mixed with sample hordeins in liquid phase or overlaying after sample drying was discussed. For this purpose, two ways of matrix addition were used: the first matrix was mixed with hordeins in liquid phase before drying and the second matrix was overlayed following sample drying. In general, liquid environment is a better phase to mix the chemical compounds when compared to the solid one. On that account, it was expected that mixing matrix with sample in liquid phase could lead to the improvement of hordein mass spectra using MALDI-TOF MS. The comparison of mass spectra of hordeins (Kangoo variety) overlayed and mixed with matrix is shown in ). All authors concluded that the dried droplet approach was the most effective for microbes identification with sample drying followed by overlaying the sample with the matrix (HCCA in acetonitrile/methanol/ (1:1) with 0.1 % formic acid). Our results showed that mixing and overlaying has an effect on the resulting quality spectra of hordeins in barley varieties. This result was found in all our tested barley varieties. Šalplachta and Bobálová mixed 20 µl hordein extract with 180 µl of matrix solution, together 200 µl which was dried in SpeedVac centrifuge (Šalplachta and Bobálová 2009). In our experiment we used 1 µl of hordein extract and 1 µl of matrix solution and hordein spectrum was analysed without any quality decrease. The influence of time on hordein quality spectrum was also tested. Although the samples were measured immediately after isolation, and there are some possibilities wich may lead to the postponement of work. Therefore, a comparison of quality of spectra measured immediately and after 14 days has been performed. Again, there are many studies where authors investigated the levels of intra-laboratory reproducibility, in which micoorganisms mass spectra were gathered at different times using the same mass spectrometer. Generally, high levels of reproducibility have been reported in relation to the microorganisms' mass spectra. Some authors ( Our results showed that all tested barley hordein samples lost the intensity of mass spectrum signal but not as much as they were unmeasurable. An example of a lost spectrum signal is shown in Fig 3 . Based on the results of Šalplachta and Bobálová the next isolation of hordeins was done with 60 % ethanol containing 2 % DTT at room temperature (Šalplachta and Bobálová 2009). Also, the pre-extraction of albumins and globulins which was tested in this experiment was not necessary for the varieties of barley. Based on our findings the next preparation of barley samples for MALDI-TOF MS measurement was carried out following isolation immediately and samples were mixed with matrix in liquid phase before drying. Thus, a modified extraction and sample preparation method was applied to all 8 malting barley varieties. The obtained barley hordein extracts and prepared plate samples were analyzed using MALDI-TOF MS. The obtained barley varieties spectra are displayed in Fig 4 and 5 . Generally, the hordeins can be divided into four main protein groups: A hordeins with a molecular weight below as 30 kDa, B hordeins with m/z ranging from 30 to 50 kDa, C hordeins with m/z ranging from 50 to 75 kDa and D hordeins with a molecular weight above as 90 kDa. In accordance with previous findings (Laštovičková et al. 2010) , no mass differences between A hordeins were found. All mass signals were distributed into four main groups at around 6 kDa, 9 kDa, 12.5 -14.5 kDa and 15.5 -17 kDa (Fig. 4) . Therefore, they can not be used for barley variety discrimination. Conversely, differencies between B hordeins were significant and they have been used for the discrimination and creation of the local database of barley variety. B hordeins showed three main groups of mass spectrum: from 31 -36 kDa, at around 38 kDa and from 43 -47 kDa. Mass spectrum range from 31 -36 kDa were found in all tested barley varieties, mass spectrum at around 38 kDa was found in two varieties (Malz and Wintmalt) only. A mass spectrum range from 43 -47 kDa was found in the Overture variety only. Also Laštovičková et al. in 2010 monitored the process of glycation during the malting process and compared two hulled barley varieties to the hulless line KM 1910. Their results showed that the protein patterns did not differ significantly between the three varieties of the barley grains, but ignificant differences between the malts were evident. These major barley proteins are very important for the formation and stability of beer foam and glycation may prevent their precipitation (Shewry et al. 1978) . In our study the evaluation of B hordeins showed that they may used for barley variety discrimination and local barley database building. Some detected mass spectra common for all tested barley samples, but unique sets of protein spectra were detected in each barley variety.
Quality control for barley variety identification by MALDI-TOF MS
In all studies, the positive controls obtained the expected mass spectrum profile (Protein 2 callibration standard) and negative controls (pure matrix) remained negative. 
MALDI-TOF MS analysis and establishment of a local Barley database
The protein spectra of each of the 8 studied barley varieties showed signal intensities in the mass range of 29 -50 kDa which corresponds to B hordeins. The spectra of various barley varieties of the same barley variety were compared, and the presence of all specific obtained protein peaks was confirmed in all of the barley varieties of the same barley variety with a very high reproducibility (Fig  6) . These obtained and selected spectra were used to build the database. Loucif et al. in 2014 described the MALDI-TOF MS analysis and establishment of a local Streptomyces database (Loucif et al. 2014). They noted that the purity of mass spectrum for each sample that will be transferred to Maldi Biotyper MSPs is necessary and these should be evaluated by mass spectrum analysis software firstly. Our Barley mass spectra were observed by the flexAnalysis software before the MSP creation process. Microorganisms and Barley mass spectra require a different approach. Where, MALDI-TOF Biotyper was established priority for microbes' identification with mass spectrum ranging from 2kDa to 21kDa, Barley mass spectra ranging from 29kDa to 50kDa and they requires different settings of MALDI-TOF Biotyper. 
Reproducibility
All (100 %) of the 32 blindly selected barley varieties were already present in our database, and these were correctly identified to the exact variety, with scores ranging from 2.13 to 2.84. Similarity between some Barley varieties can lead to a low identification of the Log score. A correct set up of the identification procedure in the Maldi Biotyper software is necessary. Relations between the barley varieties based on B hordeins detected using MALDI-TOF MS is showed in Fig 7 . 
CONCLUSION
Generally, all hordein fractions, especially B hordeins can be used for Barley varieties discrimination. Overally, eight Barley varieties were examined in this research and eight different and unique B hordein mass spectra were observed using MALDI-TOF MS. Extraction of hordeins for MALDI-TOF MS is a simple method where 60 % of ethanol containing 2 % DTT were used. Pre-extraction of albumins and globulins with 5 % NaCl is not necessary, as the resulting mass spectra are very similar. The way to apply the matrix seems to be important. Mixing of matrix with sample in liquid phase can lead to the improvment of spectra. The time between sample preparation and measurement seems to be important too. The intesity of signal decreases with time. A hordeins isolated from milled barley grains did not show a high differentation. Therefore, barley database was built from the high specific B hordein spectra. Establishment of the barley database must be based on very high reproducibility of hordein spectra and the quality of each spectra must be verified by software. Very close related barley varieties can cause problems with the identification. Therefore, a correct obtention of quality barley hordein spectra can lead to a correct identification. Barley varieties show specific and unique sets of proteins which can be detected by MALDI-TOF MS with high accuracy. This procedure is cheap and quick, particularly in comparison to the gel electrophoresis. Our results suggest that MALDI-TOF MS could be a good method for a quick and cheap identification of barley varieties, which are very important for the malting and brewing industry.
